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Appin. No. 10/817,044 

Reply to Oflke Action of November 14, 2006 

Response dated March 1 4, 2007 

REMARKS 

This is in response to the Office Action dated November 14, 2006 in the above- 
identified application. Applicants request a one-month extension of time for response 
and enclose the required fee. 

The specification has been objected to because of an informality in paragraph 
[0008] on page 4. The requested correction has been made in the substitute paragraph 
[0008] attached. Please note that the author is Dan G. Fraenkcl and the journal is E_shZ* 
and Salmonella , volume 1 2, pages 1 42- 1 50, 1 996, 

Claims 1-5, 8-13, 23 and 24 are currently pending. Claims 6, 7 and 14-22 have 
been withdrawn as directed to a non-elected invention. By this response. Applicants have 
amended Claims I, 9 and 24 and have canceled Claims 8 and 10-12. 

Claim 1 3 has been objected to as being broader than Claim 9 from which it 
depends. As discussed in detail below, £ coli strain FTR27I7 (Claim 13) is derived 
from parental strain TRN21 2, which comprises the endogenous and exogenous genes of 
the strain of Claim 9. Thus Claim 13 is not broadening and properly depends from Claim 
9 as a particular E. coli strain. 

Claim 1 has been rejected under 35 USC §101 as allegedly defining a product of 
nature and, thus, non-statutory subject matter. Claim 1 has been amended to provide that 
the claimed E. coli is isolated and purified - thus, not a product of nature. See In re 
Bergy* 563 K.2d 1031, 195 USPQ 344 (CCPA 1977). In view of the amendments to 
Claim I, Applicants maintain that the rejection has been overcome and should he 
withdrawn. 

NYO'323353. 1 8 
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Appln. No. 10/817,044 

Rq>l y lo Office Action of November 1 4. 2006 
Response dated March 1 4, 2007 

Claims 9-12 have been rejected under 35USC§ 112 %\ as tailing the written 
description requirement. The Examiner argues that Claim 8 requires an inactivated 
chromosomal pekA gene and that Claims 9- 1 2 T which depend from Claim 8 require the 
strain to have endogenous and exogenous ppc genes. The Examiner further alleges that 
the specification teaches deleting the endogenous ppc gene, but not adding the exogenous 
ppc gene or how to inactivate it. The Examiner further argues that the process of Claim 2 
does not produce a ppc gene that axles for a polypeptide having ppc enzyme activity and 
thus the described strains lack endogenous and exogenous ppe genc(s). The Examiner 
requests that Applicants point to the specification (page/paragraph) where the description 
of the claimed is set forth. 

Applicants have canceled Claims 8 and 10-12 and amended Claim 9 to he 
dependent on Claim 1 . As provided in the specification, the E. coli strain of the present 
application (FTR2717) was derived from a parent E. coli strain TRN2 12 (Accession No.: 
KCCM-103S3), (see, e.g. paragraph [0020], p. 7, paragraph [0039], p. 15, paragraph 
(0041 J, p, 1 6 and paragraph [0044], p. 1 7), which in turn, was derived from E. coli strain 
pGmTN-PPC12 (Accession No,: KCCM-10236). E. coli strain TRN212, like its parent, 
E. coli strain pGmTN-PPCl2, has resistance to threonine, lysine, isoleucine and 
methionine analogues. The chromosomes of both strains contain an endogenous ppc 
gene and an endogenous threonine opcron containing thrA, thrB and thrC genes, as well 
as a copy of ait exogenous ppc gene and exogenous thrA, thrB and thrC genes. Strain 
TRN21 2 has an inactivated tdcBC operon (which is not inactivated in the parent strain 
pGmTN-PPC!2). 

NYC/323353.1 9 
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Appln. No. 10/817,044 

Reply to Office Action of November 1 4, 2006 

Response dated March 14, 2007 

A detailed description of E, coli strain TRN212 is found in Korean Patent 
Application No. 2002-015380 disclosed in the present application at paragraph [0020], p. 
7, and incorporated by reference into the present specification {see paragraph [00471, p. 
1 9). KR 2002-01 5380 discloses the methods tor preparing the parent strain of the strain 
of the present invention having the above recited characteristics and also discloses 
addition to the strain of an exogenous ppc gene coding for a polypeptide having ppc 
enzyme activity 1 . 

Certificates of Deposit of the ft coli strain FTR2717 of the present invention, as 
well as parental strains TRN212 and pGmTN-PPC!2, arc attached, together with a 
Declaration of Biological Deposit signed by the undersigned. 

In view of the amendments and remarks herein, as well as the deposits of the 
relevant bacterial strains, applicants request that the written description rejection be 
withdrawn. 

Claims 5, 1 3 and 23 have been rejected under 35 USC § 112. H 1 as lacking 
enablement. The Examiner argues that E. coli strain TR 2717 is not enabled, because its 
parent strain TRN2 12 is not publicly available. 

Applicants disagree and provide herein copies of the relevant deposit certificates 
and a Declaration of Biological Deposit. In view of this submission. Applicants request 
that the enablement rejection be withdrawn. 



r Please note thai bT 1 347057, which is of record is the present case, corresponds U> KR 2002-015380 and 
describes *be construction and properties of straii) TRN2 1 2. 

NYC/323353.1 10 
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Appln. No. 10/817,044 

Reply to Office Action of November 1 4, 2006 

Response dated March 1 4, 2007 

Claims 9- 1 3 have been rejected under 35 USC § 1 1 2 f> as indefinite. Claims 1 0- 
] 2 have been canceled. The Examiner alleges that the use of "resistance to" in the claims 
is unclear. 

Applicants disagree. As would be very clear to a person skilled in the art, the 
term "resistance to" means that the E. colt strain of the invention can survive and grow in 
culture in medium in which the specified amino acid analogues are present. 
Microbiologists and geneticists understand the meaning of "resistance" as such, for 
example, antibiotic resistance is where a microorganism can grow in the presence of a 
specified antibiotic. As a further showing that the meaning is not unclear and the term 
"resistant to" is not indefinite, the same term appears in claims of other U.S. patents (sec, 
e.g., U.S. Patent 5,2 1 7,883 (Abstract, Specification Claim 1 ) and 5,087,566 (Abstract, 
Specification, Claim 1 ) which deal with microorganisms having resistance to amino acids 
and analogues thereof. Because the term "resistant to" is not unclear^ Applicants request 
that the indefmiteness rejection be withdrawn. 

Claims 1-4 and 8 have been rejected under 35 USC § 103(a) as obvious in view of 
Park et al. (EP 1 347057AI, published 0/24/03) and U.S. Patent No. 5,919,604 to 
Siijimoto issued 7/6/99. Claim 8 has been canceled. 

As noted above, EP 1 347057 discloses the construction and characteristics of 
parental strain TRN212 and Sujimoto teaches an K, coli having a mutant ppc gene that 
provides for feedback inhibition by asparlic acid. 

The present application claims priority to Korean Patent Application No. 10- 
2003-0021458, Hied April 4 JLQQ3. Priority has been perfected in the present application 

NYC/323353.1 11 
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Appln.No. 10/817,044 

Reply to Office Action of November 14, 2006 
Response dated March 14, 2007 

(a certified copy of the Korean Priority application has been tiled). Applicants submit 
herewith an English translation of the Korean priority document, As shown in the 
attached, which fully discloses the present invention, the present invention was made 
prior to the publication of Park et aL, thereby removing Park et al. as a prior art 
publication. Since Park et al. cannot be prior art to the present application, its 
combination with Sujimoto is also mooted in rendering Claims 1-4 obvious. 

!n view of the above remarks, Applicants request that the rejection of Claims 1*4 
as obvious be withdrawn. 

Applicants believe that no additional fees (other than for a one-month extension 
of" time) arc required in connection with this response. However, if additional lees arc 
required, the Commissioner is hereby authorized to charge any additional payment, or 
credit any overpayment, to Deposit Account No. 01-2300, referencing Docket Number 



027707.00013. 



Respectfully submitted, 




Roeholie K. Scidc, Ph.D. 
Registration No. 32,300 
ARENT FOX PLLC 



1 675 Broadway 



New York, NY 10019 
Tel. No. (212) 484-3945 
Fax No. {212)484-3990 
Customer No. 38485 
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DECLARATION 



I, Min Son, of 19 t! Floor, City Air Tower 159-9 Samseong-dong, Gangnam-gu, Seoul, 
Korea do hereby solemnly and sincerely declare as follows: 

1 . T hat 1 am well acquainted with the English and Korean languages; 

2. That the following is a correct translation into English of the accompanying 
certified copy of the Korean Patent Application No. IO-2003-0021458. 

I execute this solemn declaration consciously believing the above to be true. 
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Seoul, March 08, 2007 




Min Son, Ph£>. 
Patent Attorney 
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idcliapckA GENE-INACTIVA TE D MICROORGANISM AND METHOD Q F_ 
PRODUCI NG L-TIIREONI NE USING THE SAM E 

BACKGROUND OF THK INVENTION 
Field of the Invention 

5 The present invention relates to a microorganism that produces L-threoninc 

and a method of producing L-thrconine using the microorganism. More particularly, 
the present invention relates to a microorganism that contains both tdaBC ami pckA 
genus inactivated on chromosome and is remarkably improved in the productivity of L- 
thrconine duo 10 the inactivution of the two genes, and a method of producing L- 
10 threonine using such a microorganism. 

Description of the Related Art 

L-lhreonine is known to be an essential amino acid, which has been widely used 
as an additive to animals' fodder and foods and an animal growth stimulator, as well as a 

IS component of medical aqueous solutions and other raw material for medicinal products. 
L-lhreonine is currently produced by only five companies in advanced countries, 
including die Ajinomoto Company in Japan, and is two to three times more expensive 
than lysine that is known to be highly valuable due to it high price of 5,000-6,000 dollars 
per ton in the international market. Thus, L-thrconine has high growth potential in the 

2 0 world market, 

L-threonine is currently produced by only microbial fermentation techniques, 
using mainly mutants derived from wild types of microorganisms, including Escherichia 
(•«//, the genus Corynehacterium, the genus Brcvibavteriunu the genus Svrraiw and the 
genus ProvulvnchL Examples of these mutants include diose having resistance to amino 

. 1 
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acid analogues or drugs, and their auxotrophs for diamino-pimelic acid, methionine, 
lysine and isoleucine (Japanese Pat. Publication No, Hcisci 2-2 1 9582; Korean Pat. 
Application No. 1998-32951; Appl Microbiol. BiotechnoL, 29:550-553, 1988). 
However, such mutant strains arc disadvantageous in terms of having k>w L-threonine 
5 productivity and being grown only in media supplemented widi expensive diamine)- 
pimelie acid or isoleucine due to their auxotrophic properties for the diamino-pimelic acid 
or isoleucine. That is, in the case of using a mutant requiring diamino-pimelic acid for 
growth, this fermentative production of L-threonine requires high costs. Likewise, in 
case of using an isoleucine auxotroph, a fermentation medium for this auxotroph must be 
10 supplemented with expensive isoleucine, resulting in increased production costs of L- 
thrconinc. 

These problems can be overcome by employing an isolcucine-lcaky mutant as 
disclosed in Korean Pat. Publication No. 92-8365, which does not need isoleucine in a 
medium and produces high levels of L-threonine than known strains. However, this 

15 classical mutation method is also time-consuming and ineffective in selecting novel 
bacterial strains capable of producing high levels of L-threuninc, and has the greatest 
disadvantage of being limited in improvement of the L-threonine productivity. 

in this regard, instead of employing the auxotrophs, other methods for mass 
production of L-threonine have been developed, which employ recombinant L-threonine- 

20 producing microorganisms that have increased activity of enzymes participating in the 
biosynthesis of L-threonine by metabolic engineering techniques. That is, genes 
corresponding to enzymes involving in L-thrconinc metabolism are isolated using genetic 
recombination techniques, cloned into proper gene vehicles, and introduced into 
microbial mutants to improve L-threonine productivity of the mutants. 

25 The present inventors previously developed a method of developing a L- 

thrconinc producing strain using such metabolic engineering techniques, as disclosed in 
Korean Pat. Application No. 2001-6976. In detail, high yields of L-threonine can be 
achieved by employing a recombinant microorganism* which possesses on chromosome 
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one or more copies of a gene encoding phosphocnol pyruvate carboxylase (hereinafter, 
refuted to simply as "/>/«:") that catalyzes the formation of oxaloacetate (OAA) as the 
precursor for L-lhreonine biosynthesis from phosphoenol pyruvate (PEP) and an operon 
including gci1.es encoding the three enzymes participating in L-threonine biosynthesis 
5 from aspartate, aspartokinase 1-homoserine dehydrogenase (rhrA), homoscrinc kinase 
(fhrB) and threonine synthase (/ArQ. 

L-lhreonine is synthesized from asparate by a multi-step pathway, wherein the 
aspartate is formed from OAA converted by PPC from PEP. L-thrconine biosynthesis is 
inhibited when glucose is present in relatively high levels in media in comparison with 

10 the bacterial growth rale and the overall rate of the TCA cycle. In this situation, the ppc 
gene expression is suppressed, while expression of a gene encoding PEP carboxykinase 
(hereinafter, referred to simply as *7>dcd") catalyzing the conversion of OAA into PEP is 
increased. The elevated levels oipckA result in the formation of PFP from OAA as the 
precursor for amino acid biosynthesis, wherein other by-products are synthesized from 

IS the PEP (Goldie H, Medina V., Mai. Gen. Genet. 220(2): 191 -196, 1990; Dang et aL t 
E, coli and Salmonella. 1:191-102, 1996). Therefore, the pckA gene should be 
essentially inactivated in order to produce L-threonine in high levels by increasing (he 
flux of metabolic pathways responsible for ^threonine synthesis. 

On the other hand, several pathways for L-threonine degradation are known, 

20 which include the following three pathways. One involves a pathway initialed by 
threonine dehydrogenase yielding a-amino-p-kctoburyrate. The u-amino-p- 
ketobutyrate is either converted to acetyUCoA and glycine or spontaneously degrades to 
aminoacetonc that is converted to pyruvate. The second pathway involves threonine 
dehydratase yielding a-ketobutyrale which is further cafabolizcd to propionyl-CoA and 

25 finally the TCA cycle intermediate, succinyl-CoA. The third pathway utilizes threonine 
aldolase (Neidhardt F.C et al. Escherichia coli and Salmonella: cellular and molecular 
biology. 2nd ed. ASM press. Washington DC, pp369-370). Among them, the threonine 
dehydratase is an operon that is expressed under hypoxia and high levels of threonine. 
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The present inventors developed a microorganism with improved productivity of* L- 
threoninc by specifically inactivating this operon gene (tdcBQ via a genetic 
recombination technique (Korean Pat. Application No. 2002-015380). 

On the odier hand. International Pat. Publication No. WO 02/29080 A2 discloses 
5 a mediod of producing L-ihrconinc using a pckA gene-defective microorganism* whieh is; 
prepared by introducing it into a wild type strain of die microorganism a recombinant 
vector carrying a partially deleted pckA gene. However, this microorganism is 
problematic widi respect to production yield of L-threonine because pathways for 
degradation and intracellular influx of synthesized L-lhrconine are still activied in die 

1 0 microorganism. 

Trading to the present invention, the intensive and thorough research conducted 
by the present inventors into methods of preparing a microorganism capable of producing 
high levels of L-threoninc even when grown in a medium containing high concentrations 
of glucose and not degrading L-thrconine produced, with aim to solve the problems 

15 encountered in the prior art, resulted in die finding that, when its chromosomal pckA gene 
is inactivated by a genetic recombination technique, the idcBC opcrvn - knocked out 
microorganism developed by the present inventors has improved L-threonine productivity 
in comparison with the conventional L-thrconine-produeing microorganisms. 

It is therefore an object of the present invention to provide a microorganism 
2 o capable of effectively producing high levels of LMhrconine. 

SUMMARY OF INVENTION 

In order to accomplish the above object, die present invention provides a novel 
25 strain of fc". cali s which contains both tdcBC and pckA genes inactivated on 
chromosome. 

In the nicBCJpckA gene-inactivated £ cali strain, the pckA gene is inactivated 

4 
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by introducing a foreign pckA gene fragment containing an antibiotic resistance gene 
and a site-specific recombinant: binding site at each of its both ends into an /i coli strain 
containing an L-ihreonine degradation-associated opcron, tdcBC thai is inactivated, and 
then allowing for homologous recombination between the foreign pckA gene fragment 
5 and a pckA gene on chromosome to inactivate the chromosomal pckA gene. 

In addition, the present invention provides a method of producing L-threonine 
using the tdcBClpckA gene-inactivated E. coli strain. 

BRIRP DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and otter advantages of the present 
10 invention will be more clearly understood from the following detailed description taken 
in conjunction with the accompanying drawings, in which: 

FIG. 1 is a schematic view showing a process of cloning a pckA gene; 
FIG. 2 is a schematic view showing a process of preparing a recombinant 
mierxx>rganism into which a pckA gene fragment containing a chloramphenicol 
15 resistance gene (cat) and loxP sites, ApckA::loxpcal, is introduced; and 

FIG. 3 is a photograph showing a result of Southern blotting, in which a 
chloramphenicol resistance gmefcat) is identified to be inserted into a pckA gene on 
the chromosome of an L-thrconinc-producing /:. coli strain (lane 1: recombinant strain 
selected in the presence of chloramphenicol according to the present invention; lane 2; 
2 0 parent strain TRN2 1 2; and lane 3: size marker). 

DETAILED DESCRIPTION OF THE INVENTION 

A strain of coli, which contains an L-lhrconine degradation-associated 
operon specifically inactivated by genetic recombination and has improved productivity 
25 of L -threonine due to the innervation of the operon, may be used as a parent strain in 

5 
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Ihc present invention. A preferred parent strain is an E. coli strain TRN212 (accession 
number: KCCM-10353; Korean Pat. Application No. 2002-015380), which was 
developed by the present inventors. 

The present invention is characterized by preparing a novel E. coli strain 
5 producing high levels and high yields of L-threonine by inactivating the pckA gene 
involved in inhibition of L-thrconine synthesis in a parent E. coli strain containing an L- 
threonine degradation-associated operon UdcBC) inactivated. The inaet.ivotion of both 
ulc&Cimd pckA genes results in the prevention of degradation and intracellular influx of 
L-threoninc, mediated by transitional products of the UlcBC operon, and the inhibition 

10 of L-threoninc synthesis, mediated by a translational product of the pckA gene, leading 
to high level production of L-lhrconine. 

Therefore, the present invention provides a ukBCIpckA gene-inactivated E. 
coli strain, which is prepared by introducing a foreign pckA gene fragment including an 
antibiotic resistance gene having a site-specific recombinase binding site at each of its 

15 both ends into an E. coli strain containing an l-threoninc degradation-associated 
operon, rdcftCi that is inactivated, and then allowing for homologous recombination 
between the foreign [>ck/\ gene fragment and a pckA gene on chromosome to inactivate 
the chromosomal pckA gene. 

In addition, the pckA gene on chromosome of the parent E. coli .strain is 

20 inactivated by removal of the antibiotic resistance gene incorporated into the 
chromosomal pckA gene by the activity of the site-specific recombinase expressed in 
the bacterial strain, and the presence of one copy of a binding site of the sile-specirtc 
recombinase in the chromosomal pckA gene. 

The inaccivation of die pckA gene on the bacterial chromosome is achieved by 

2S homologous recombination with a foreign pckA gene fragment. The foreign pckA 
gene fragment is inactivated by insertion of an amciholic resistance gene thereinto. 
This foreign inactivated pckA gene fragment is introduced into a parent coli strain, 
and double crossover recombination is then allowed to occur between a pckA gene on 
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the bacterial chromosome and the foreign inactivated pckA gene fragment to inactivate 
the pckA gene on Ibc bacterial chromosome. The presence of the antibiotic resistance 
gene in the foreign inactivated pckA gene facilitates selection of pckA gene-inactivated 
cells. 

5 Non-limiting examples of the antibiotic resistance gene used in the motivation 

of the pckA gene include chloramphenicol resistance gene, kanamycin resistance gene, 
gentamycin resistance gene and ampictlhn resistance gene. 

On the other hand, after a pckA. gene-inactivated £ colt strain is selected, a 
site-specific rccombinase is allowed to be expressed to remove the Antibiotic resistance 

10 gene incorporated into the bacterial chromosome. That is, the antibiotic resistance 
gene is incorporated into the pckA gene on the bacterial chromosome along with site- 
specific recombinase binding sites, and removed by the activity of the site-specific 
rccombinase expressed in the bacterial strain. Non-limiting examples of the site- 
specifie rceombmasc include binding sites of FLP, Cre and XerC/D. The removal of 

15 the antibiotic resistance gene allows the same antibiotic resistance gene 10 be used again 
as a selective marker when another gene of the identical bacterial strain is desired to be 
inactivated. 

In the present invention, in order to inactivate the chromosomal pckA gene, a 
pckA gene fragment containing a chloramphenicol resistance gene each end of which is 
20 linked to a loxP site is used. The loxP site is recognized by a site-specific 
recombinase. Cre. By the activity of Cre rccombinase expressed in the R, colt strain, 
the antibiotic resistance gene located between the two loxP sites is removed from the 
bacterial chromosome. 

The Cre rccombinase expression in the E. coll strain may be achieved by a 
25 method known in die art. In the present invention, a plasmid carrying a cre gene, 
pJW168, is introduced into the E. coli strain to express Cre enzyme therein. 

In one embodiment of the present invention, a partial pckA gene was amplified 
by PCR using as a template genomic DNA isolated from a L-threoninc-producing K 
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coil strain including a idcBC operon inactivated. The amplified partial pct-l gene was 
cloned into a pT7Blue vector (Novagen Co.), thus yielding a recombinant vector 
containing a partial pckA gene, pT781ue/pckA. In addition, a DNA fragment 
containing a chloramphenicol resistance gene and loxP sites, loxpcat2, was obtained 
5 from a ploxpcal2 plasmid (Beatriz Palmeiro el al, Gene, 247:255-264, 2000), and 
ligated to Nnil-digcstcd pT7Btuc/pckA > thus generating a recombinant plasmid 
containing a pckA gene fragment including a chloramphenicol resistance gene and loxP 
sites, pT7ApekA::loxpcal. Therefore, the present invention provides the recombinant 
plasmid as prepared above, pT7ApckA:; loxpcat. 

10 In another embodiment of the present invention, the pckA gene fragment 

containing a chloramphenicol resistance gene each end of which is linked to a loxP site 
was introduced into an E. coil strain TRN212 containing a ttlcBC opcron that is 
inactivated by homologous recombination using a kanamycin resistance gene having a 
loxP site at each of its both ends. Then, homologous recombination was allowed to 

IS occur between a pckA gene on the bacterial chromosome and a foreign pckA gene 
fragment containing the chloramphenicol resistance gene and the loxP sites, thus 
yielding a recombinant E, coii strain containing both a tcdBC gene and a t*ckA gene 
inactivated on chromosome. The recombinant E. colt strain was designated as 
•TTR271T', and deposited at the Korean Culture Center of Microorganisms (KCCM) 

20 on March 20, 2003 under an accession number of KCCM-10475. 

The recombinant E. coii PTR2717 strain exhibits the following characteristics: 

(1) it has resistance to threonine analogues, lysine analogues, isoJeucine 
analogues and methionine analogues in comparison with a wild type thereof: 

(2) its chromosome contains an endogenous ppc gene and an endogenous 
2S threonine operon containing ihrA. thrB and thrC genes as well as one or more copies of 

an exogenous ppc gene and exogenous thrA. thrB and thrC genes: 

(3) it includes an operon gene involved in L-threoninc degradation, uh'BC. 
which is inactivated; and 
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(4) it includes a pckA gene involved in inhibition of (.-threonine synthesis, 
which is inactivated, so that it produces high levels of L-threonine under a high 
concentration of glucose in a medium. 

A better understanding of the present invention may be obtained through the 
S following examples which are set forth to illustrate, but are not to be construed as the 
limit of the present invention. 

EXAMPLE I : Cloning ofpckA gene 

A recombinant vector carrying a pckA gene was prepared (sec, FIG. 1). First, 
bacctria! genomic DNA was isolated from a L-threonine-producing E. coli strain 

10 including a tdcBC operon inactivated, TRN212 (accession number: KCCM- 10353), 
using a Q1AGEN Genomic-tip system {Q1AGEN Co.). Using the isolated genomic 
DNA as a template. PCR was carried out to amplify an about 1.5-kb partial region of a 
pckA gene. In the PCR, a primer set was used, which consists of a forward primer and 
a reverse primer represented by SEQ ID NOs: I and 2, respectively. PCR conditions 

15 included 30 cycles of denaturation at 94°C for 30 sec, annealing at 55 V C for 30 sec and 
extension at 72 V C for 1 min 30 sec. 

The PCR products were electrophoresed on a 0.8% agarose gel, and a 1.5-kb 
band was excised out from the gel. From the excised band, a 1.5-kb DNA fragment 
was purified using a DNA Gel Purification Kit (Q1AGEN Co.), and cloned into an 

20 fceoRV-digcsied pT7Blue vector (Novagcn Co.) by blunt end ligation at !6°C. thus 
yielding a recombinant vector containing a partial pckA gene, pT7BIue/pckA. Then, 
an E, coli NM522 strain was transformed with the pT7Bluc/pckA, and smeared on a 
solid medium (LB: 1% NaCI, 1% Tryptone, 0.5% Yeast extract) containing ampicillin 
{100 mg/L), followed by incubation at 37"C overnight. The colonies grown on the 

2S solid medium were inoculated in 3 ml of a liquid medium containing ampicillin, 

9 
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followed by incubation ill 37°C overnight. Plasrnid DNA was isolated from the 
cultured bacteria using a QIAGEN mini prep kit (QIAGEN Co.)* and Analyzed for its 
size. Also, orientation of the pckA gene was analyzed by restriction mapping with 
Nnil and StuJ. Thereafter, the plasrnid DNA was digested with Nrtil, and 
5 electrophoresed on a 0.7% agarose gel. From the gel, an about 4.3-kb band was 
excised, and a 4.3-kb fragment was purified from the band. 

EXAMPLE 2; Construction of recombinant vector carrying an inactivated pckA gene 
and preparation of pckA gene-inactivated B. coli strain 

2-1) Construction of a recombinant vector carrying an inactivated pckA gene 
10 A 1.2-kb DNA fragment, loxpcal, which contains a chloramphenicol resistance 

gene having a loxP site at each of its both ends was obtained by digesting with Hindi a 
p!oxpcat2 plasrnid (plasrnid carrying a chloramphenicol resistance gene having loxP 
sites at its both ends; Beatriz Palmcros et a!., Gctit\ 247:255-264, 2000, Professor G. 
Cosset, University of Mexico). The 1.2-kb DNA fragment was ligated to the Nrul- 
1S digested pT7Blue/pckA prepared in Example I by blunt end ligation, thus yielding an 
about 5,7-kb recombinant vector containing an inactivated pckA gene, 
pT7ApckA::loxpcat(see, FIG. 2). 

2-2) Preparation of a pckA gene-inactivated E, t:oli strain 
The pT7ApekA::loxpeat recombinant vector, prepared in Example 2-1), was 
20 introduced into an E coli NM522 strain. The transformed NM522 strain was smeared 
on a solid medium (LB: 1% NaCl, 1% Tryptone, 0.5% Yeast extract) containing 
ampieillin and chloramphenicol, followed by incubation at 37 n C overnight. The 
colonies grown on the solid medium were inoculated in 3 ml of a liquid medium 
containing ampicillin and chloramphenicol, followed by incubation at 37°C overnight. 
2 5 Plasrnid DNA was isolated from the cultured bacteria using a QIAGEN mini prep kit, 

10 
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and analyzed for its size and orientation of the inserted p<:ks\ gene. Thereafter, (he 
plasmid DNA was double-digested with PstI and Kpnl, and electrophorescd on a 0.7% 
agarose gel. From the gel, a 2.7-kb band was excised, and a 2.7-kb fragment 
(ApokA::loxpcat) was purified from the band. 
5 The pckA gene fragment containing a chloramphenicol resistance gene having 

loxP sites at its both ends, ApckA::lo.\pcal. was iniroduced into a L-threomne-producing 
K. coli strain, TRN212 (accession number: KCCM- 10353), by elcctroporalion. 
Thereafter, the transformed TRN212 strain was smeared on a solid medium containing 
chloramphenicol to select only chloroamphenicol-rcssstant cells, resulting in selection 

10 of cells wherein a pckA gene on chromosome was replaced with the foreign pckA gene 
fragment (ApckA::loxpcat). The selected clones were evaluated for whether the 
. chromosomal pckA gene is specifically knocked out, by Southern blol analysis 
according to the same method as in Experimental Example !♦ below. 

The selected clones, which were identified to have a pck/l gene specifically 

IS knocked out on chromosome by Southern blot analysis, were transformed with a 
pJW16K plasmid (gift from Prof. Guillcrmo Gossct at the University of Mexico) that 
contains a cm gene encoding a site-specific recombinase recogni/.ing loxP sites. The 
transformed cells were cultured in a culture medium containing 10 mM L-arabmose 
overnight to remove the chloramphenicol resistance gene incorporated int 

20 o the bacterial chromosome. Then, the culture fluid was diluted I0 ? -fold and smeared 
on a LB solid medium supplemented with ampicillin (100 mg/L), followed by 
incubation at 30°C overnight. Each of 100 colonics grown on the solid medium was 
inoculated in 3 ml of each of LB liquid media containing ampicillin or not, followed by 
incubation at 30 rt C overnight. Colonies that were killed in the medium containing 

25 chloramphenicol but. survived in the medium not containing chloramphenicol were 
determined. In this selection, only clones having a deletion of the chloramphenicol 
resistance gene were selected. 
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EXPERIMENTAL EXAMPLE I: Evaluation of knock-out of pckA gene on 
chromosome by Southern blotting 

The TRN2J2 strain as a parent strain and one of the chloroamphcnicol-reislunt 
clones selected in Example 2-2) were cultured overnight in 3 ml of a liquid medium 
5 containing chloramphenicol (15 mg/L). Then, genomic ON A was isolated from the 
culture cells using a QIAGEN genomic kit 20, and was digested with RcoRV overnight. 
The resulting DNA fragments were separated on a 0.7% agarose gel depending on their 
size. After electrophoresis, the separated DNA fragments were transferred onto a 
nylon membrane (Biodyne B membrane. Young ScL) overnight by capillary transfer 

1 0 (Molecular Cloning, Vol 1 „ pp6.3 1 -6.38). The membrane was dried and then exposed 
to an UV light (120 mJ/cm 2 , Spectro Linker™) to immobilize the DNA fragments on the 
membrane (Molecular Cloning, Vol L. pp6.45). The resulting membrane was 
incubated in a prchybridization solution I (Roche #1093657) at 55°C for 2 hrs, and 
hybridized with n denatured DNA probe overnight in a hybridization oven (BAMBINO 

15 230300) at 55°C 

The DNA probe was prepared as follows. First, a ploxpcat2 plasmid was 
isolated using a QIAGEN kit and digested with Hindi to yield a DNA fragment (about 
1.2 kb) containing a chloramphenicol resistance gene having a loxP site at each of its 
both ends. The 1,2-kb fragment was boiled in water for 5 min and quick-cooled on 

20 ice, thus yielding a single-stranded DNA. The single-stranded DNA was then labeled 
with DIG7UDP using a DIG Labeling and Detection Kit (Roche #1093657) by 
incubation at 37*C overnight. 

After hybridization, the membrane was washed with washing solutions 1 and II 
(Roche #1093657) to remove non-speeitically attached DNA molecules. The washed 

25 membrane was masked using a prchybridization solution II (Roche #1093657) at room 
temperature for 30 min, and then reacted with un antt-DIG antibody specifically binding 
to DIG-UTP at room temperature for 30 min. The membrane was washed with a 

12 
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washing solution III (Roche til 093657) to remove non-specifieally attached anti-DJG 
antibodies^ and developed using » Labeling and Detection Kit (Roche #1093657) at 
room temperature until bands were emerged. The results are given in FIG. 3- 

As shown in FIG. 3, in ease oft he parent strain TRN212, no hand was detected 
5 (lane 2) because the TRN212 strain did not contain a chloramphenicol resistance gene. 
In contrast, the ehioramphenieol-resistanl clone .selected according to the present 
invention showed an about 3.6-kb band (lane I). These results indicate that the 
selected clones contain « chloramphenicol resistance gene on its chromosome. 

EXAMPLE 3: Comparison of the selected clones for production yields of L-threoninc 
10 upon culturing in Erlenmeyer flasks 

Among the finally selected recombinant E. coli clones of Example 2-2) in 
which the introduced chloramphenicol resistance gene was removed, thirty clones were 
evaluated for productivity of L-threonine. bach of them was cultured in an 
Erlenmeyer flask containing a culture medium prepared according to the composition 

15 listed in Table K below. Then, each culture fluid was evaluated for production yields 
of L-threonine. In brief, after each of the thirty clones were grown on a LB solid 
medium at 32°C, one loop of a single colony for each clone was inoculated in 25 ml of 
the culture medium and cultured at 32°C for 48 hrs at 250 rpm. After each of the 
culture fluids was centrifuged, the .supernatant was 250-fold diluted with distilled water. 

20 L-threonine concentration in the diluted supernatant was measured by HPLC. The 
results arc given in Table 2, below. 



TABLE 1 



Nutrients 


Amount per I L 


Glucose 


70 g 



13 
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Ammonium sulfate 


28 g 


KH 2 P0 4 


1.0 g 


MgSO. r 7H : 0 


0.5 g 


FeSO, r 7H 2 0 


5 mg 


MnSOrSHjQ 


5 mg 


Calcium carbonate 


30 g 


T. -methionine 


O.I5g 


Yeast extract 




pll (7.0) 



TABLE 2 



The number of clones 


2 


5 j 14 


9 j 


Production yield of L-thrconine (g/L) 


'20-23 


23-24.5] 24.5-26 


>26| 



The parent strain TRN212 showed a [..-threonine production yield of 23 g/L. 
Among the thirty tested clones, twenty-eight were found to have better productivity of 
L-thrconine than the TRN212 strain, as shown in Table 2. In particular* nine clones 
5 showed a L-lhreonine production yield higher than 26 g/L, which was about 3 3.04% 
higher than the yield of the TRN212 strain. Among (he thirty clones, one clone with the 
highest yield of L-thrconine (over 26 g/L) was selected and designated as "FTK2717 
(accession number: KCCM- 10475)". 

INDUSTRAL APPLICABILITY 

10 As described hereinbefore, the prvscnt invention provides a pckA gene- 

inactivated microorganism, which is prepared by introducing an antibiotic resistance 
gene into the chromosomal DNA of a parent coti strain producing high levels of L- 
threonine, that is, an E. vol* strain containing a utcHC operan involved in the 
degradation of L-threonine T which is inactivated, by a DNA recombination technique. 

14 
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Since ils chromosomal tdcBC opvron is inactivated, the microorganism according to the 
present invention has the effect of preventing degradation and intracellular influx of 
threonine. In addition, due to the inaclivation of ihc pckA gene involved in the 
inhibition of [/-threonine synthesis, die microorganism of die present invention has 
5 more activated pathways for L-threonine biosynthesis. Therefore, the microorganism 
of the present invention is useful for mass production of L-threonine because of being 
capable of producing L-thrconinc in high levels and high yields even in the presence of 
high concentrations of glucose. 



15 
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Internal Mmat ;ipp*i<iaikm No. 



INDICATIONS R Kl . ATINfi TO OFPOSITT'D M!CK<X>KUANISM 
OK OTMHR RIOI.OCIC:Al. MATERIAL 



A. I h*: imfiwitiiww niuili: Iwhtw ivblc to the clef* wiled micrwrgwitem or iMher bM^it-Jil nuiiuml referred in in the description on punt: 
. lim- l«>-2H 



B. IDKNTIFl CATION OF DEPOSIT 


Further deposit* ait: %ia-m additional sheeiU 


Nnnic. of'denosn;»ry nvcttititkm 




Korean Culture: Center of Micr mv^uibum 




Adibess ordcjXrjiitni'y iA$titutio>t(f/v.7Mc///»/>/^Ay/<i/ cvttv unit v/h/W\ ) 


36 1-221, Yurim WD, Hnncjc-l-dong, Scodacniun-gu. Seoul 1 2 (MJ*)1, Republic yl Koita 


Date »>f deposit 


Accession Number 




KCOM- 10475 
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*ArerssitM AW/fey e>/ Deposit*) 
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I This sheet won levetvcd with Hie triiciriii|inn:tl application 



Authorized officer 



for intcmutNuuit Itutviiii use only 



; Thin sheet was received by the Internum.*™! Khhsiu on. 
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What is claimed is; 

1 . An Esvhtmchia coli strain comprising both tdcBC and pckA genes that are 
inactivated. 

2. The Escherichia coli strain as set forth in claim 1, wherein the/x&l gene is 
5 inactivated by introducing a foreign /><?&4 gene fragment containing an antibiotic 

resistance gene having a site-specific recombinase binding site at each of both ends 
thereof into a parent Escherichia coli strain containing an L-threoninc degradation- 
associated operon, tdcBC, that is inactivated, and then allowing homologous 
recombination between the foreign pckA gene fragment and the pckA gene on 
10 chromosome to inactivate the chromosomal pckA gene. 

3. The Escherichia coli strain as set forth in claim 2, wherein the pckA gene is 
inactivated by removal of the antibiotic resistance gene incorporated thereinto by the 
activity of the site-specific recombinase expressed in the Escherichia coli strain and the 
presence of one copy of the binding site of the site-specific recombinase in the 

1 5 chromosomaJ pckA gene. 

4. The Escherichia coli strain as set forth in claim 2 t wherein the site-specific 
recombinase is FLP, Cre or XerC/D. 

5. The Escherichia coli strain as set forth in claim 2, wherein the strain is 
Escherichia coli FTR2717 (KCCNH0475) comprising on chromosome a pckA gene 

20 inactivated by introducing a foreign pckA gene fragment containing an antibiotic 
resistance gene having a loxP site at each of both ends thereof into the parent 
Escherichia coli strain containing the L-lhreonine degradation-associated operon, 
tdcBC* that is inactivated. 

17 
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6- A method of producing L-threonine using die Escherichia cod strain of any 
one of claims 1 to 5. 

7. A recombinant plasmid pT7ApckA::loxpcat comprising a pckA gene 
fragment including ix chloramphenicol resistance gene and loxP sites, wherein the 
5 recombinant plasmid is prepared by cloning a partial pckA gene into ft pT7Blue vector 
to produce a pT7Blue/pckA plasmid, obtaining a DNA fragment containing a 
chloramphenicol resistance gene and loxP sites, loxpcatZ, from « ploxpcat2 plasmid, 
and Itgatirtg the loxpcat DNA fragment to the Nrui-digesled pT7Blue/pckA pla-smid. 



18 
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ABSTRACT 

Disclosed is a microorganism including both tdcBC and pckA genes inactivated 
on chromosome, which has remarkably improved productivity of L-thioninc due to the 
inacttvation of the two genes. Also, the present invention discloses a method of 
b producing L-lhreonine using the microorganism. The microorganism is prepared by 
incorporating by a recombination technique an antibiotic resistance gene into a pckA 
gene on the chromosome of a bacteria! strain containing an L-threonine degradation- 
associated operon gene, tdcBC. which is inactivated. The microorganism has the 
effect of preventing degradation and intracellular influx of L-threonine due to the 
10 inactivalion of the tdcBC operon gene, and includes more activated pathways for L- 
threonine biosynthesis. Therefore, the microorganism is useful for mass production of 
L-threonine because of being capable of producing L-threoninc in high levels and high 
yields even in the presence of high concentrations of glucose. 
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